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Multicellular spheroids (MCSs) from three dimensional culture, which is a complex architec-
tural structure with dynamic cell to cell and cell to matrix interactions, mimic real tissues re-
garding structural and functional properties. MCSs have emerged as an effective tool for fill-
ing up the gap between the in vitro and in vivo experimental model and can replace the in vivo
model. The viability and functional performance can be enhanced when cells are grown as mul-
ticellular spheroid (MCS). In this review paper, we discussed the basic mechanism of MCS
formation, their biomedical applications, and recent advances in MCS culture and tissue engi-
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Cell culture techniques - Tissue engineering.
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Fig. 2. Micro-geography inside a spheroid. Spheroids show spher-
ical structures comprise proliferating, quiescent and dead cells.

Fig. 1. Inverted bright field microscopic images of spheroids from single cell culture on non-adhesive surface in chronological sequence.
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Fig. 3. Methods for spheroid fabrication. Hanging-drop culture (A). Single cell culture on non-adhesive surface (B). Micromolding tech-
niques (C). Spinner flask culture (D). Rotary cell culture systems (E). Hepatocyte self-assembly on Primaria dishes (F). The use of
PNIPAAmM based cell sheets (G). Electric, magnetic or acoustic force cell aggregation enhancement (H). PNIPAAm: poly(N-isopro-

pylacrylamide).
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Table 1. Spheroid fabrication methods
Method Advantage Disadvantage References
Hanging drop Simple to perform Labor intensive 6, 58, 62, 64, 104
Well-controlled spheroid size Massive production difficult
Fast spheroid formation
Co-culture of different cell types
Non-adhesive surface Inexpensive Variation in size/shape 56, 65, 66
Simple to perform
Easy to scale up
Micromolding Well-controlled spheroid size Require specialized facilities
Designed aggregate geometry
Co-culture of different cell types
Spinner flasks Simple to perform Require specialized equipment 52,53,73
Massive production Variation in size/cell number
Long-term culture High shear force
Dynamic control of culture conditions
Co-culture of different cell types
NASA rotary system Simple to perform Require specialized equipment 75,76
Massive production Variation in size/cell number
Long-term culture
Dynamic control of culture conditions
Better cell differentiation
Co-culture of different cell types
PNIPAAmM cell sheet Prevent anoikis-induced cell death Labor intensive 81, 82
Well-mixed co-culture Massive production difficult
Time consuming
External force Rapid cell aggregation Potentially undefined effects to cells 93-95

enhancement

Require specialized equipment and
culture conditions

PNIPAAM: poly(N-isopropylacrylamide)

1.25x 10 cells (200 L)

6.25x10° cells (100 pL)

2.50x 10° cells (40 pL)

Fig. 4. Confocal laser scanning microscopic images of spheroids from different cell concentration at 7 days after cell seeding into hang-
ing-drop culture system. Note the necrotic central core in each spheroid.
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maria dishes(BD Biosciences, Franklin Lakes, NJ, USA)
(Fig. 3F)& A|225 visHA =W vieF 27]oll= Al2Eo]
o BFo 2 HA A viFETErE 48A17F Foll= actin
filamentE "7HE gt 224 A AR AzEEo] 15,
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12 45 == YElolth(Fig. 3G). A7 s
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